Once biological control agents of nematodes are introduced into soil, they must function in a very complex and dynamic environment. In soil, both nematodes and their antagonists are influenced by other biotic and abiotic factors. However, our knowledge of the effects of these factors in soil is limited. Hence, instead of focusing on the role of individual organisms in controlling nematode pests, this research aimed to determine the effects of sawdust, microorganisms, and nematodes on trapping activity of Arthrobotrys dactyloides. Experiments were conducted with "standard slide test" and "soil microcosm" using soil amended with various concentrations or without sawdust, with the presence or the absence of microorganisms, and with the presence or the absence of nematodes (Caenorhabditis elegans and/or Meloidogyne javanica). The experiments were carried out with completely randomized design and data were analyzed with analysis of variance followed by Tukey's Honestly Significant Different test. Results showed that sawdust did not have direct effect on ring formation and trapping activity of A. dactyloides. However, sawdust did have effect on microorganisms and C. elegans which then these two factors stimulated ring formation and trapping activity of A. dactyloides.
INTRODUCTION
The presence of organic matter in soil is known to affect the predatory behavior of fungal antagonists (Stirling, 1991) . It was hypothesized that the addition of organic matter to soil stimulated nematode-trapping fungi and other inactive fungi into saprophytic competition, and because their poor competitive ability, nematode-trapping fungi avoided competition by preying on free-living nematodes (Cooke, 1977) . However, there is almost no data in this area specifically for Arthrobotrys dactyloides, a nematode-trapping fungus that traps nematodes with constricting rings (Stirling, 1991) . Results of previous study regarding this topic on the addition of organic matter into alginate granules containing A. dactyloides showed that sawdust, cassava, and rice husk did not have any significant effects on the growth, ring production and trapping activity of this fungus (Sudirman, 2009 ). Nevertheless, it was still possible that the addition of specific types of organic matter to soil could stimulate predatory behaviour in A. dactyloides. In environments with a high C/N ratio, Barron (1992) , has hypothesized that nematode-trapping fungi are stimulated to increase trapping because they need to obtain nitrogen from nematodes.
Most studies on organic amendments for nematode control (Lazarovits et al., 1999; Akhtar & Malik, 2000) have mainly been done with nitrogen-rich amendments such animal manure, meat and bone meal, soy meal, oil cakes and chitin. These organic materials produce nematicidal compounds such as ammonia and nitrous acid at concentrations that are sufficient to kill plantparasitic nematodes when they are applied to soil at application rates of 5-100 t ha -1 (Larazovits et al., 1999; Oka & Yermiyahu, 2002) . Nematicidal effects, however, are relatively short-lived because ammonia concentrations remain high for a limited time (Cowling et al., 2001; Oka & Pivonia, 2002) . Hence, instead of its nematicidal effects, the use of organic amendments is expected to control nematode through naturally occurring mechanisms.
In earlier studies with organic amendments in the sugar industry (Stirling et al., 2003; Pankhurst et al., 2005) , various organic materials were added to a sugarcanegrowing soil and results showed that amendments with a high C/N ratio induced suppressiveness to Meloidogyne javanica and Pratylenchus zeae 4 and 7 months after they were added to the soil. This suppression of nematodes was reported to be associated with low levels of nitratenitrogen in soil, a fungal-dominant soil biology and high numbers of omnivorous nematodes (Stirling et al., 2003) .
Organic matter can also increase the activity of soil microorganisms which cause mycostatic and lytic effects on biological control agents. Stirling and Mani (1995) This study aimed to determine whether the addition of sawdust into soil stimulated the activity of A.
dactyloides (ring production, trapping activity, and nematode mortality).
MATERIALS AND METHODS

Preparation of Sterile Second Stage (J2) of
Meloidogyne javanica. Meloidogyne javanica cultures were maintained on susceptible tomato plants grown in sandy soil in 1,2 l pots in the glasshouse. Eggs of M. javanica were extracted with sodium hypochlorite method (Hussey & Barker, 1973) . Sterile second stage juveniles (J2) were produced by adding concentrated nematode-egg suspension to 10 ml agar (1%, 45-48 0 C), mixed well, and poured into the centre of a sterile Petri dish and allowed to solidify. An antibiotic medium was prepared by adding 1.2 ml of streptomycin solution
(1 g of streptomycin sulphate in 100 ml sterile distilled water) and 0.0095 g of methoxy ethyl mercuric chloride to 250 ml of water agar. The antibiotic medium was poured gently over the solidified nematode egg-agar suspension until covered to a depth of 5 mm. The plates were then incubated for 36 hours at 25 0 C to allow J2 to hatch from eggs and migrate to the agar surface.
Juveniles were washed into a sterile beaker using 10 ml of sterile distilled water.
Preparation of Caenorhabditis elegans.
Caenorhabditis elegans was cultured on a lawn of (Sudirman, 1997; 2009 ).
Flasks were inoculated with two 5 mm-diameter discs taken from an actively growing colony on CMA as described previously and were incubated at 27 0 C on a rotary shaker at 120 rpm. After 10 days incubation, about 0.007 g dry wt biomass ml -1 was produced. Before it was used, the mycelial suspension was homogenized for 15 seconds with blender.
The fungus was formulated into kaolin-alginate granules based on technique developed by Sudirman, (1997; 2009) . 100 g kaolin (MP Biomedical Inc, Ohio, USA) and 10 g sodium alginate were added to 1 l water.
After autoclaving, 80 ml of the blended and sterilized kaolin-alginate mixture was mixed with 20 ml of mycelial suspension prepared as described previously. The 
Effect of Sawdust, Microorganisms and
Caenorhabditis elegans on Ring Production and
Trapping Activity of A. dactyloides. For ring production, the experiment was conducted with a standard slide test using nematode-free and sterile soil, with and without sawdust, and with and without C.
elegans. The soil and sawdust was mixed thoroughly, about 500 C. elegans were added into each dish and the experiment was set up as described previously, with five replicates for each treatment. After 5 days incubation at 27 0 C, the number of rings was counted, the population density of C. elegans was determined, and populations of microorganisms were determined by serial dilution method. 
RESULTS AND DISCUSSION
Effect of Sawdust on Growth and Ring
Production of A. dactyloides in Soil. Neither the presence of sawdust nor its concentration had any significant effect on the growth of A. dactyloides in soil.
The radial growth of mycelia from granules in the extreme treatments ranged from 16.2 ± 1.64 mm to 16.4 ± 1.14 mm. In all treatments, the fungus grew at a growth rate of approximately 0.85 mm per day. Sawdust did not stimulate ring production. Regardless of the concentration of sawdust used, rings were not observed.
It has been reported that for many species of nematode-trapping fungi, trap formation and trapping activity are conditioned by the nutrient status of the medium, especially the C/N ratio (Hayes & Blackburn, 1966; Nordbring-Hertz, 1968) . In this study, however, sawdust with very high C/N ratio did not induce ring formation and trapping activity. Sawdust was used to minimize harmful effects of nitrogen on nematodes (Sarathchandra et al., 2001; Tenuta & Ferris, 2004) It has been demonstrated unequivocally in many reports (Stirling & Many, 1995; Sudirman, 1997; 2009) , that trapping activity is strongly related to ring formation.
Sawdust did not have a direct effect on ring formation or on trapping activity, as there was no significant difference in nematode mortality in amended and nonamended soils soon after A. dactyloides was added to sterile soil. However, sawdust seemed to serve as food source for A. dactyloides, because as the incubation time increased, nematode mortality in sawdustamended soil was constantly higher than in nonamended soil (Figure 1 ). Barron (1992) , suggested that nematode-trapping fungi are adapted to high C, low N habitats, and appear to trap nematodes to obtain N.
The importance of nematodes in trap formation was demonstrated by Jaffee (2002; 2004) , who reported that without the presence of nematodes, nematode trappingfungi were never observed to form traps in microcosms containing amended sterile soil. While in non sterile condition, in which Arthrobotrys is supposed to use carbon sources and nematodes as a nitrogen source, is considered a relatively poor competitor (Jaffee, 2003) . At days 15 and 20, the population of both fungi and bacteria had decreased significantly. Fungal and bacterial populations were higher in soil amended with sawdust than in non-amended soil.
Effect of Sawdust and Microorganisms on
Effect of Sawdust, Microorganisms and
Caenorhabditis elegans on Ring Production and Trapping Activity. Sawdust, microorganisms, C.
elegans, and their interaction significantly influenced ring formation ( Figure 4A ). In the absence of microorganisms and C. elegans, no rings were formed, regardless of the presence or absence of sawdust.
Microorganisms had a slight effect on ring formation, as no rings were formed in sterile soil whereas some rings were produced in nematode-free soil. C. elegans strongly influenced ring formation, as a large number of rings were formed when this nematode was present.
Significantly more rings were formed when sawdust, microorganisms, and C. elegans were present together compared with when one of these factors was absent.
Sawdust did have an indirect effect on ring formation and trapping activity by influencing microorganisms and 
